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Abstract. ARCHES (Astronomical Resource Cross-matching for High Energy Stud-
ies) is a FP7-Space funded project whose aim is to provide the international astronom-
ical community with well-characterised multi-wavelength data in the form of spectral
energy distributions (SEDs) for large samples of objects extracted from the 3XMM
DR5 X-ray catalogue of serendipitous sources. The project has developed new tools
implementing fully probabilistic simultaneous cross-correlation of several catalogues
for unresolved sources and a multi-wavelength finder for clusters of galaxies for ex-
tended sources. These enhanced resources have been tested in the framework of several
science cases.
1 Introduction
The opening up of new observing windows in the electromagnetic spectrum and the
development of large area detectors has revolutionised observational astronomy during
the last decades. In particular, the high-energy window to the Universe has strongly
benefited from the availability of major new facilities such as the XMM-Newton and
Chandra space observatories which routinely observe the X-ray sky and generate un-
precedentedly large catalogues of X-ray sources. Most recent observational studies
acknowledge the scientific importance of the exponentially increasing collection of
archival data made available and include a multi-wavelength approach from the very
beginning.
However, the availability and the quality assessment of multi-wavelength data can
be an obstacle. Another difficulty lies in establishing the correct identification of a given
astrophysical object over a large range of wavelengths and with significantly varying
astrometric quality among different catalogues. This last problem is particularly crucial
for the identification of XMM-Newton sources which due to the relatively large point
spread function of the X-ray telescope suffer from source blending and lower astromet-
ric accuracy (see e.g. Watson et al. 2009).
Taking these considerations into account, the FP7-Space ARCHES project was
started with the aim to create qualified spectral energy distributions (SEDs) over a large
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wavelength range from X-rays to radio for all good quality unresolved X-ray sources
in the 3XMM DR5. For that purpose, ARCHES has selected the most relevant archival
catalogues with the best sky coverage, homogeneity, and astrometric and photometric
quality and developed an original multi-catalogue statistical cross-correlation tool. For
extended sources, ARCHES has designed an integrated cluster finder that is able to
automatically search for groups of galaxies at consistent redshifts in optical and near-
infrared catalogues while providing the statistical significance of the candidate cluster.
ARCHES products and tools are made available to the general community via
several channels1 . The results of the multi-catalogue cross-correlations, the SEDs and
the list of candidate clusters of galaxies are distributed through specific interfaces2 and
as flat files by the CDS Vizier server3. The cross-correlation tool is available on a
dedicated machine4 and will eventually be merged in the CDS services. ARCHES has
also created outreach facilities, in particular the Arches Walker (see L. Michel et al.
2015, this volume).
2 ARCHES tools and products
2.1 An enhanced 3XMM DR5 catalogue
The first step of the project has been to create an enhanced version of the 3XMM DR5
source catalogue (3XMMe) by gathering best quality 3XMM detections (Rosen et al.
2016). For instance, sources located in a subset of 19 mosaic-mode observations where
issues in original data files led to uncertain detections were discarded. We also rejected
568 fields with high background levels assessed through visual screening. Sources
acquired at off-axis angles > 12′, with exposure times < 5 ks, with only windowed
MOS modes or for which the catcorr boresight correction failed were also rejected as
well as a few sources that were not recognised as due to bad pixels by the production
pipeline. Improved parameters were derived from the final set of cleaned detections for
each unique source. In addition to cleaning, unique sources were identified as being
suitable candidates for use in the specific science themes of the ARCHES project (e.g.
criteria on galactic latitude, field content, etc.). The currently released version 2.0 of the
3XMMe contains 285205 detections of 219788 unique sources from 4802 observations
and can be downloaded from the ARCHES web site and from VizieR5.
2.2 The ARCHES advanced cross-correlation tool
We established the foundations for probabilistic multi-catalogue cross-matches of un-
resolved sources. The selection of candidates is based on chi-square hypothesis tests
using elliptical error definitions. Bayesian probabilities of association are computed
taking into account all possible combinations of association or non associations in the
various catalogues in such a way that the sum of all probabilities is equal to one. Pri-
ors are derived from local source densities and include the effects of the chi-square
selection criterion. Drawing on these theoretical advances, ARCHES has developed a
1see the ARCHES web site at www.arches-fp7.eu
2SSC catalogue server at Strasbourg http://xcatdb.unistra.fr/
3http://vizier.u-strasbg.fr/viz-bin/VizieR?-source=IX/48
4http://serendib.unistra.fr/ARCHESWebService/index.html
5http://vizier.u-strasbg.fr/viz-bin/VizieR?-source=IX/47
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generic and flexible tool able to cross-correlate, in a single pass, an arbitrary large num-
ber of catalogues extracted from the Vizier CDS service while providing probabilities
for each combination of association/non association (Pineau et al. 2016). Importantly,
the algorithm is flexible enough to handle a variety of cross-correlation scenarios. For
instance, one can search all sources in a master catalogue for all possible counterparts
in at least one or several other catalogues. In the framework of ARCHES, the cross-
correlation tool was used with the 3XMMe catalogue as master catalogue. Alterna-
tively, the tool can also be used to extract all sources common to say, three catalogues,
or all sources common to two catalogues and necessarily absent in a third one, etc..
Although there is no theoretical limitation to the number of different catalogues that
can be processed in a single pass, due to the geometrically increasing number of pos-
sible combinations, the number of catalogues to cross-match can hardly exceed eight.
The ARCHES cross-match tool contains about 34,000 lines of Java code and can be
accessed using an http API that submit scripts on a dedicated machine. In the relatively
near future a Web interface will provide a more simple use of the tool based on a set of
pre-defined cross-correlation scenarios.
2.3 The ARCHES cross-matched catalogues and the SEDs
A large effort has been invested into the selection of the archival catalogues based
on which the SEDs of all 3XMMe sources would be assembled. Emphasis was pri-
marily put on the quality (e.g. uniform photometric and astrometric properties and
well controlled source samples) and on the source classification value (sky coverage,
overlap with 3XMMe and uniqueness). Starting from a list of over 200 candidate
catalogues, a total of 12 catalogues were finally selected (GALEX, UCAC, SDSS,
V/IPHAS, 2MASS, UKIDSS, WISE, GLIMPSE, AKARI/FIS and a merge of FIRST,
NVSS and SUMS for the radio band). Systematic astrometric uncertainties were care-
fully assessed, as these quantities may in fact dominate the error budget in many cases.
Owing to their lower astrometric quality, cross-correlation with AKARI and radio cat-
alogues was made in a second step. ARCHES produced three main cross-correlated
catalogues, one devoted to the Galactic plane (including GLIMPSE) and two for gen-
eral purpose use (one with 2MASS and one with UKIDSS). These tables contain a sum-
mary of the most important physical quantities extracted from the archival catalogues as
well as a description of the five most probable combinations of candidates. We use the
SVO Filter Profile Service (Rodrigo & Solano 2013) to convert magnitudes into fluxes.
These catalogues are downloadable from the ARCHES web site. They can also be
browsed and data mined using the ArchesDb6, an interface inherited from the 3XMM
XcatDb (Michel et al. 2015) and offering the same query and data display capabilities.
SED plots and multi-catalogue finding charts are also available in the ArchesDb. The
SED VO-compliant archive7 provides access to spectral energy distributions generated
from the cross-correlated catalogues. The system allows one to easily query, visualise,
download and send SEDs to VO-tools via SAMP protocol.
2.4 The ARCHES integrated cluster finder
Most high Galactic latitude extended X-ray sources are known to be associated with
clusters of galaxies. However, confirming their identification requires finding, on the
6http://xcatdb.unistra.fr/3xmmdr5/archesindex.html?mode=catalog
7http://sdc.cab.inta-csic.es/arches/
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line of sight, an over-density of galaxies at a common redshift. ARCHES has thus de-
signed a tool searching for clusters of galaxies and estimating their parameters (redshift,
size and X-ray parameters) by combining XMM-Newton and ground- and space-based
multi-wavelength catalogues. The Integrated Cluster Finder tool (ICF) (Mints et al.
2016) actually works at any place in the sky covered by SDSS, UKIDSS and WISE.
Cosmological redshift is measured using colour-redshift relations. The spectral energy
distribution of member galaxies and of the central dominant galaxy, supplemented by
optical spectra, if available, provide an estimate of the redshift. At redshift higher
than z ≥ 0.55 redshift determination is improved by including an infrared band. The
ARCHES cross-correlation tool is used to cross-match optical and infrared sources.
The ICF uses a redMaPPer-like algorithm (Rykoff et al. 2014) in which the multiplicity
function λ(z) measures the probability of finding a genuine cluster at a given redshift.
Mainly written in Python, most computing intensive parts are coded in Fortan. The ICF
has been successfully tested against the samples of clusters in the literature. Applied
to the DR5 version of the 3XMMe catalogue, the ICF identifies about 500 candidate
clusters. Plots of λ(z) and finding charts showing SDSS images with candidate cluster
members overlaid with XMM X-ray contours are generated for each extended 3XMMe
source. The ICF tool is accessible from a dedicated server located in Strasbourg while
the catalogue and its associated graphical material can be browsed in the ArchesDb.
3 ARCHES science cases
ARCHES products are at the basis of five test science cases, the results of which will be
reported elsewhere; i) a study of obscured accretion at optical, X-ray and mid-infrared
wavelengths and of the effects of different spectral bands for selecting AGN, ii) a study
of jet mechanisms and accretion in AGN based on a large sample (∼1000 sources) of
radio-loud AGN and star forming galaxies selected and characterised using 3XMMe,
radio (FIRST+NVSS) and mid-IR (WISE), iii) a follow-up study of XMM-Newton
discovered clusters and a comparison with SZ-based catalogues, iv) the identification,
characterisation and modelling of the X-ray emitting stellar population, and v) a multi-
wavelength study of debris discs around late-type stars.
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